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Effects of .Social Class Differences on
"Analogicdl Reasoning \ -

Rene' V. Dawis -

Oppirheimer (1956) calls analogy the "indispensable and inevitable tool"
in the ftask %f scientific discovery ada invention. The importance of analogi-
cal reasoning as a cognitive ability can be séen in its almost universal *use

as a test item type in psychometric measures of intelligence or\éeneral mental

ability (Dawis & Siojo, 1972 Technical Report No. 1). Spearman (1927) con-

sidered analogical reasoning as the essence of intelligence.

Yet, for all its apparent importance, little effort has been devoted by
. > '
psychologists to the study of the analogical reasoning process as contrasted

‘with™ the psychometric use of analogy Qest items. The few exceptions to\this

L}

observation imclude studies that found the solution of verbal’analogy items to

depend on word associatien (Gentile, Gentile, & Kessler, 1969; Goldstein, 1962;

Scheerer, Rothman, & Goldstein, 1945; Willner, 1964) and on word knowledge, -

Fad

i.e., vocabulary levg{ (Gentile, 1968; Gentlle et al., 19693 Willner, 1964).

.
) These findings aﬂpear to have some bearing on the consistent report of social

class differences in analogy test performanle, in favor, of course, of the

v -

higher social class (Tyler, l965) '

«
[

This project was originated'and designed with two objectives in mind:

Y

»
The general objective was to investigate the analogical reasoning process/sg‘\Q

it i{s manifested in the solution of analogy test items, The specifdc objective

was to iﬁvestigate the effects of social class differences on this process.
/

A survey of the literature (Dawis & Siojo, 1972)  convinced the principal

inve#tigator of the utility of Spearman's theory (Spearman, l927) for the pur-

poges of the project.. According to Spearman, analogical reasoning proceeds in
/ T

three stages: . o

\\




« 1. The elements are, apprehended. A .

4 : -2"' 3 . . ' ‘

2, The relation binding the elements is "educed.“

3. The "correlate" is eduéed,-giv‘l the previously educed relatipn.

»
.

Applied to the analogy test item of the form a,: b tioc ot ?, solution of
Y . * //' - ) VY )
the item would entail: " ) . .

1. apprehending (identifying)understanding) elements a, b, and c (e.g.,
three words in’a verbal analogy test 1tem),

2. educing the relation that binds the a : b pair tggethér; and

3. wusing the educed a :‘b relatiod to solve the g‘: ? pair by educing
the appnooriate’correlate, d, that has the same relation to ¢ as b

has to a. i . . /.

y

. The Spearman formulation suggests that three variables influence the sol—j

ution of analogy test, ttems:

1. .level of difficulty of apprehending the elements; .

2. type of relation, and .
. e :
. 3. level of difficulty of educing a given relation in a given element

- e -

pair. \

In the, case of verbal analogies, the first variable would be a function

of vocabulary level or level of difficulty of tht words used in the analogies.

Because of the well-known differences in vocabulﬂ%y level (as well as type of

~

vdcabularY) between social classes it was decided to "hold this variable con~
stant since it presumably gave the advantage to the higher social class.

Addjitionally, vocabulary level is apparently confounded with. analogical

-
reasoning ability in typical psychometric vé/;al analogy tests, since scores

. -

on such-tests correlaté\Vighly (.70s and .80s) with vocabulary test scores
(Dawis & 51036, 1972). ' Hence to isolate the.analogic&l reasoning process, it
was fellliecessary to eliminate or minimize the confounding effects of vocabu-

lary~level. ‘ . /

\
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were submitted to 971 ninth and tenth grade high school students for iden-

4

. -3-
. \ \.‘ . ' ' .
It was-also decided to include pictorial7analogies in the study. Accord-

L)

ing to Guilford (1967), there are separate factors for analogical reasoning

("cogrition: of relations"),ﬁhen applied to the different'bontents" of

/

.

Semantic" (verbal) and "figural" (pictorial) material. On the other hand,

»

Tinsley and Dawds (1972) found high equivalence between verbal . and picture
- ’ ~ [] "

analegy te&st items, leading them to conclyde that parallel forms of word and

picture analogy tests could be constructed. - Furthermore, in published

research, Ace and Dawis in 1971 found that a verbal analogy test showed the

expected difference between higher and lower social class groups, while an

equivalent picture ‘analogy test did not.

- ’ T Method

-

Development of the Pool of Element Pairs

A list of verbal analogy'items wae compiled from available psychometric

*

_tests. These items.were then "decompoged" into word pairs. Pairs were elimin-

0}

ated if they included words not found in the Thorndike-Lorge list of 5,000

most frequently occurring words or in the Dale-Chall fourth grade list, Aug-
;

mented by staff-written word pairs, a list of 1,000 Wword pairs was compiled.

"An additional 500 word padrs were derived from the Russell-Jenkins (1954) word

association norms. .Five word pairs were constructed for each Kent-Rosanof f
) . . -

-stimulus word: one pair with the most frequentl% occurring response word, one

X -

. . ) X
pair with a unique response word, and ‘three pairs with response words of inter-

~

mgdiate frequencies of occurrence. All'words had to .meet the criteria of word
: ]

difficulty mentioned gbqve. ] - . -

Line drawings were made of words in the preceding word-pair list that
could be‘drawn Drawings of commén objects and events not found in the

word- pair list were added, making a total of 900 pictures, The Rictures'

LY
4
tification. Only pictures with at least 90% "correct" identification were

| 7 : t -

.




“~y

. '. . -4- ) “ .

retained. The modal word given as identification of'the_picture was used as
. - - ¢ }
its word/equivalent. (See Haynes, Dawis, Sicjo, & Soriano, 1973, Technical

Report No. 2, for'more details). . )

Picture pairs were then constructed fo parallel (be equivaient to) the

word pairs in the study list. Some picture pairs with no worddpair equivalents

. .

(i.e., not in the word-pair 1ist) were constructed to make a total pool of 500 .

picture pairs. N . )

Develogpent of the List of Relations <

-

Whitely (1973), in a dissertationcomlucted under the supervision of thé
principal investigator, utilized latent partition analysis (Wiley, 1967) to

ihvestigate student self—b%unded classification of vefbal analogy items accord-

s

ing to similarity of relation. Eight relations were identified as éccounting .

1

for much” of the manifest categories and were selected‘for use in the project.

A&éitional relations were identified, screened for similarity toktﬁe‘eight
A )

- .

-previously selected, and added to the 1list. The following list of relations,

was ‘adopted for use in the study, the first eight being from Whi;ply s study:

1. Classﬁhember.(inclusion of one in the other) .

; 4 < 2

2. Activity/Use (performing the same activity or having the same* use)

3. Fuynctional (performing some activity on er for- the other)
&
4. Similarity/Equivalence '

‘ﬁ ’ :7

5. Conversion/Process (one is?converted or processed from the other)

6. Order/Time (following one. another in an order dr-+in tine)

-
1 i
.

. 7. Opposite . <

. .

" 8. Cause—Effecty . : ' C

9. Pattern (having similar form patterns)

10. Association (being associated together)

Al .

11. Superior/Inferior (in power or authority)ﬂ . :

12. Degree (more than or less tﬁan) to ;~ . ‘

- . -
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.13, Part-Whole (as distinguished from Class-Member) .

| - - 14, Worker/Tool-Product (specific associationO

- 15. . Position (spatial or ordinal relation) )
v In the‘course of the project, only the first 10 relations nere used in the
. studies on verbal analggies and-.with the exception of Relation G-iSimildritY/‘

_iEquivalence) for.wﬁichlﬁelation-la (Worker/Tool-rroduct) was substitutedr:in

,the studies on picture analogies as yell.

. Determination of Relation Eduction Intlex for Element Pairs

A quansitative index was needed to operationalize the variable, "level of

X , v

. . . )
difficulty of educing-a given relation in a given element pair." The index
8 - . i ¥
- chosen was the percentage of a group of subjects who indicate that a given

relation is present in a given word pair or.picture pair. This index was called’

the "relation eduction index" (REI):

! ,

1 The major data collection effort in this" project was devoted to collecting

~

RET norms. REI data were obtained for the first eight relations on the

[ 4

first l 000 word pairs from an undetermined number of college students (Soriano,

4

* Dawis, & Siojo, 1974, Technical Report No. 4); for the first 10 relations on all

1,500 word pairs, from 3,486 high school students (Dawis, Haynes, Soriano &

Siojo, 1974, Technical Report\No. 5); and for 10 relations on the 500 picture
"
pairs, from 3,311 high school students (Haynes, Dawis, Monson, Lopez, & Soriano,

e 1974t-Tecbnical Report No. 6). The college student sample was quite honogene-

ous in age, ability, edGcation and, to a lesgser extent, social class:: The high o

school samples were more heterogeneous, and biographical data were obtained on

i

[ ]
grade in school, schapl, sex, agd, race, number of children in'family, reported
‘ snnual imcome, housing, father's-education, mother'sYeducation, €ather's occu~ .
pation and.mother's occupation. These dataﬂre utilized to stud'y.the effects

of the demographic factors of sex, race, .and sqcial class on the REIs. (See:
N \ ' ]

Dawis, Soriano, Siojo, & Haynes, 1974, Technical Report 3; Haynes, Dawis, &
\)‘ ) ‘ \ b /

ERIC | 9
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Soriano, 1975, Technical Report No. 7).'ﬁ

Construction of Biased and Unbiased Verbal Analogies -
With REI information, it is possible tg gpﬁ?truct verbal analogies to speci-

fication, i.e., specifying what is desired im both stimulus and response pairs
. - Ve

(including both "correct" response and distracters). Type of dominant relation

! <

dand REI level can be varied simultaneouslyl With information on the effects of

demographic factors, e.g., social class, it is further possible to construct-

El

. »
verbal analogies biased in favor of one group or another, f?e., with REI levels
favoring one group or another. .

Accordingly, to investigate the effects of social class on analogical

* .
reasoning, verbal analogies were constructed to be biased  in favor of the higher

social class, likewise the lower social class, and"tU’ﬁpLUnbiased (favoring v

.neither group). Utilizing the data given in Technical Reports 3 and 5, 12 items
. 14 .

were constructed to be biased in favor of the higher social class (?biaséd-high"),'

nine items biased in favor of the lower social class ("biased-low") and 21 items
R , R

that were unbidsed. 'Social class" in this item construction was defined by

reported annual family income, with those reporting over $10,000 being classi-

fied as "high" social class, and those reporting "10,000 and below as "low"

social class. Stimulus pair and "correct' fesponse pair (same relation) were
matched for REI level in the keyed relation. Distracter pairs were matched in
REI fevel--but for the "wrong" (non-keyed) relation--with- the sgimulus"pair.

Distracter pairs had lower REIs on the keyed relation than the correct-responsé

pair. The construction of biased items utilized word pairs appearing in

Technical Report No. 3 for both stimulus .and corréct—response pairs (i.e., both
s$imu;gs and correct-response pairs were selected to have REIs on the keyed
relation in favor of the group being favored) « !

Study of Biasing,EffecEs,of Social Class

l

r

Three samples were used in this study: 440 mostly white 12tﬁ grade students
. ) ( \
— ‘ . ‘

10

L
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in a Twin Cities area high school 170 white 12th grade students from two .

Memphis area high schools, and 136 nonwhite 11th and 12th grade students from
& i
the same Memphis area high schools. The thtee groups of items--12 biased-high,

9 biased-low, and 21 unbiased--were administered to the subjects by their

teachers in a single one-hour session.

For data analysis, the subjects were classified into "high" énd‘"lowf

~

gocial class g;oups according to a weighted combination of reported annual ~~

.family incomé, father's education and father's dccupation. The upper 25% &f the

group was defined as "high" and the lowest 25% of the group was defined as "low"

P

social class. Group differences were examined at the test (item group) level

and at the item level. .

Study of the Hierarchical Ordering of Relations

Using REI infd%métion, 2-choice items were*constructed in which the stim-
ulus pair had equivalent REfs for two keyed relations and the two response

paigg had opposite patterns of REIs, high for one keyed relation and low for the’

l

. ;
other. Thus, choice of one response pair would indicate preference for, or the
- - .

y : A Y
dominance of, one relatioh over the other. Sixty-ei ’Itegs were constructed,
representing 14 pairings of eight relations out of a possible 28 pairingss
, . ¢ . é
(Despite the large number of word pairs available, a complete paired-comparison

matrix of pairings was not realizable.) The items were administered in a counter-

»

balanced design to 71 college students. (See.Technical Repott NP' 8, Monson &

[y . . »

Dawis, 1975, for more details.) , N

| . Résults . _ . >

1. "As the REI norms (Technical Reports 4, 5, and 6) show,‘different ‘
relations have differént REIs for the same word pair or pictqge pair; ;nd, dif-
ferent word pairs or picture pairs have different REIs for the same relation.

(Despite tpe'large number of subjects participating in thd normative studies,

the cell anaggsare relatively small, with the SE ranging'fro 4 to 11%; hence

ERIC | i -
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the REIs may be somewhat unstable. However, extreme REIs, eith2r high or low,
can be utilized with confidence.) This basic finding of differential RElIs was,

of course, expected, but specific REI information was required before either of

-~
- .

‘the project objectives could be pursued.

2. Also as expected, differences in REIs were observed for.difgerent sex,

race, or social class groups. Table 1 summarizes the data given in detail in

&

-

Technical Reports 3 and 7.

What was not expected was the small number of word and picture pairs show~
[

ing demographic-group‘differences. At an alpha level of .05, 60 items in 1,200,

67 in 1,350, 20 in 400, and 25 in 500, would be expected to show group differ- -

.

ences by chance, hence much of.the results shown in Table 1 can be considered to

be cHance results. Neither sex nor social class appears to have had. much effect

on REIs. The absence of sex effects was expectzF but the absence of social

class effects was not. In retrospect, perhaps By minimfzing the influence of

word knowledge (vocabulary level). through the restrictiﬁn of words used to tﬁe
first 5,000 or thé 4th grdae level, the'influencé ofléocial class on the REIs
was effectively eliminated or minig}zed.

The exception to the nonsignific;nt findings was the presence of sq;e

race effects. Table 1 shows that rhé?»(white vs. nonwhite) is a factor (where
.o >
N .
sex and social class may not be). Even at this low wocabulary level, the educ-

-

tion of -relations (cognition of relations) differs perceptibly for the two
race groﬁps. *(One 1s tempted to extrapolate -to the well-documented finding

of race differences, favoring whites, on verbal analogy Eests, The present
. b

finding of facg effects bears further investigating.)

Surprisingly, too, more effects of sex, race and social class are seen in.

the picture pairs then in the word pairs. Again, this could be dué to the low

vocabulary level used for the word pairs, or alternativély, to the quality of

the drawings used in the picture pairs. w

e

i2 "
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A final, obvious{ finding shown in Table 1 is that the effeci (whatever

-

there is) of sex, race and social class on relation eduction appears to be

differential £or the different relations. ¢ .

-

¥

3. _ The results of comparing the'serformspce of high and low social class

A}

gro&bs on spegially constructed biased~high, biased-low and unbiased verbal

-
L] -

analpgies are-summarized in Table 2. ‘ s e

-
- S
) L

1A
A,
\

Table 2 shows a, significant difference in averagé performance between high )

and low social class groups on the biased-high and unbiased tests. 1In bothe,

_cases, the difference in means is small and favors the high social class group

Since these groups were ftreme groups (i.e., upper and lower 257), :he findr ]
ings shown in Table 2 appear to support the previous observation thgt.the
effects of social class as a biasing factor are small, if any, on the kind oiﬁ

verbal analogies used in this study.

.
)

Y

Analysis of variance using a two-factor, repeated measures design (with

social class and items as the two factors, repeated peasures on items) showed

-
only one significant source of variation: the items. However, chi square anal~
ysis of item response distributons (response by social class group), undertaken

separately for each item and for each sex-by-sample subgroup, yielded only six

significant findings at the .05 level out of a total of 168 separate chi square

tests conducted. Again, these analyses fail to find any clear effects of

I

social class.’ ] .
Three observations might be made about these results:
1. 1If the REI data are reliable, one would expect that the advantage

in performance would lie with the favoged groups on the biased tests (or itemsa)
and with neither group on the unbiaged tests (or items). Considering the
three-stage Spearman process of analogical reasoning (apprehension of elements,

eduction of relations, eduction of correlates), the present study attempted to

eliminate any advantage at the apprehension-of-elements stage, and to give the

14

[y
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o 8 ’ .
-’{: X 'Y ) .
i:i‘ - Performance of High and Low Social Class Groups
. i on Biased-High, Biased-Low, and Unbiased
,,;'? " Verbal Analogy Tests
-
L , Test Group N X SD t
i 1. Biased-High High ‘127 5.92  1.79°  1.98%
Low 112 5.42 2.02 .
. 2. Biased-Low High 127 5.33 1.73 1.37
£ Low 112 5.02 ' 1.79
*(-\ 3. Unbiased High 1IN 12.38 3.13  2.18*
o , Low 112 11.44  3.49
‘% .
z, " e [
F : ‘
*p<.05 ] u
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iadvfﬂtﬂge to the fav0red groups at the eduction-of-relations stage. If this

F
k "treatment" was successful, a finding of '"no difference" in performance on the.

biased tests would lead-one to suspect an offsetting advantage at the eduction-
1
{ of-correlates stage. Such an offsetting advantage wQuld obtain if, for example,

it were true that the high social class group was superior to the low social
/

.

. . §1ass group in the ‘ajility to reason analogically. High social class superiority

ig analogical reas

[ N
B

ing ability would account for the lack of a difference‘on

',;the biased—iow test and the significant difference favoring the high social class

grfup on the unbigsed test. However, it would not account for the barely per-

5 ~
, icepfiblekg%ffere £ the biased-high test. On this test, the difference

geudy "'took;" resulting in no advantd@e at the element-apprehension stage and
35 advantage to the favored groups at the relation-eduction stage—--would lead
i@ to suspect that perhaps the critical ability in analogical reagoning (i.e.,

@ essence cf analogy) is the ability, in the Spearman formulation, to educe

& .

'rrelates, or more precisely for this study, the ability to see the same
gﬁlation that binds the elements in both the stimulus pair and the response

R éair. Even an advantage in educing relations does not appear materially to help
ey R
t&e favored groups. While the data in this study are consistent with this
. I3
, Aypothesis (that the critical ability is educing ¢orrelates), the study was
i . 3

- hist designed to test it, and the hg?bthesis»at this point remains speculative.
‘?. 3. It also appears from the data in this study that the superiority of ' 74
hi‘h social class groups on verbal analogy tests may, in large measyre, be due

'to‘the advantage in word knowledge held by the high social class groups. When

thig advantage is nullified, g8 in this study, the superiority of the high social
b=}

10
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class groups is very tenuous, individualgqifferences in analogical reasoning

. *

* ability come to the fore. ] ’ ) . :

Finally, the results of }hi pt;dy on the hierarchichl ofdering of relations
(Monson & Dawis, 1975) provide ; @?nce that in ambiguous‘sitﬁations certain
relations.are consistently érefj ed over others in the solution of verbal anal-
ogles. There appears to be cle;}.preference for Cause—Effecz, Opposite, C;n—

version/Process in that (descending) order, and cleat prgference against

-

-Order/Time, Functionaxk and Clasg-Member in that (ascending) order. This hier- e

archical ordaring of preference for relations, however, is based on aggregated
&ata, and there is ample avidence of iﬁdiviﬁual differences in hierarchical

order of preference.' . ,
Two implications of these (hierarchical ordering) finding; might be

pointed out:

l, Cultural group differences, e.g., sex, race, and social class diffé:L

ences, iw-analogy test perrofﬁ3ﬁtE‘mBy—iteT—iﬁ—partj“tn“tutturat“ﬁTfferentEQ:in—“*“““

the'preferred hierarchical ordering of relations. Thus, the item writer may
[}
unwittingly favor his/her cultural group when constructing analogy items, result-

ing in a spurious finding of superiority for the:favored group on tests of

-

analogical reasoning.

2. The finding of a hierarchical ordering of preference for relations

raises the’question of its origins. One wodld expect to find answers in

'S

developmental studies similar to those conducted by Piaget on logical thinking.

The interesting question would concern the relative contributions of maturation

and culture to the development of such hierarchical ordering of preference for

’

relations.

Conclusions

» i -

This project had two objectives: generally, to study ‘the process of anal-

ogical reasoning, and specifically, to investigate the effects of social class
: )}
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on this process. The results of this project lead to the following conclusions:
' N ’ ~ -

The Spearman formulation of.analog;cal reasoning as a tﬁree-étage process

P

(apprehension of elements, eduction of relations and eduction of correlates)

appears_tq be useful in the study of analogical Ygasoning. In this'broject,

minimizing the role of the first stage (element apprehension) and mE:ipuiating
, / an
the second stage (relation eduction) resulted in the unexpected finding of \I

minimal effects attributable to social class. Thus it might be &oncluded that

’

the social class variable exerts its influence primarily at the first stage of

:: ~
.

. F
the analogical reasoning process, i.e., in the apprehension of the el ts.

' Little evidgnce”’as found‘ip’this pfoject for‘so%;al class effects in the total
v Ay %

% .
aﬂiypgical,reasoning process %hen social class effects in the apprehension of

£
elements were minimized. > . -
‘\

. The findings in this projé??falso lead to the hypothesis that the most
. P * n /
important stage in the analogicgl reasoning process is probably the third stage,
. ’ & . '

\ -
the eduction of correlates. It appears that an advantage at the second educ~_

’

tion of relations) stage i; net compelling and can be overridden at|the third
stage. In any event,  if cultural advantage is eliminated or minimized at the
first (apprehension of elements) stage, culture (specifically, in this study,

social class) appears to exert only Rtnimal influenéegon verbal-analogy-test

>

éérformance; . . : ’

tYhe'finding of a hterarchical ordering of relations preferred (i.e.,
utilized) in analogy problem solving adds to the explanatidn of the well-

dqpuqrnted social class differences im Qnalogy’test performance. In addition

v
.

qg\fand probably combimed with) the influence of the word-knowledge (vocab-
ulary lgvel) factor--thich appears to be-the primary:factor:-the relation
preferences of the_ analogy test constructor may artifagtually help give the
advantage to the test constructor's cultural grou%.'

Thus, the effects of sociab}class on the analogipal reasoning process

- -

1 8 . ‘ . ‘
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are contingent on the elements and possibly on the relations chosen for use
~ in analogy tests. 3 .
s K.
A >
‘ L ]
[ ? 3
. ' LA v
s &~ -®
. . .\ »
\ ‘ ' ’
| . N
. . ‘ -
% \
- . . ,
. ] ) .
. N » » .
. . '
. / .
, .
: L -
. ¢ .
L
. . P .
. ‘ . s 2
' .
-. 3
% Py
O ‘ ‘ - 4 * | '
FRIC 1Y & {
>
«



-16- '
.’ . [ -

. .
} . References

Y 7

Dawis, R. V., Haynes, J. L., Soriano, L. V., & Siojo,vL. T. Relation eduction

index norms for 11560 word pairs and 10 relations: Qigh school sample.

‘Technical Report No. 5, April, 1974, University of Minnesota. Contract

Number N00014-67-A-0113-0030, Office of Naval Research.
4

. . ) . .
Dawis, R.. V. & Siojo, L. T. Analogical’reasoning: A review af the literature. B

Technical Report No. 1, October, 1972, University of Minnesota. - Contract by
Number N00014-67-A0118-0030, Office of Naval Research. :

. _ .
pawis, R. V., Soriano, L. V., Siojo, L. T., & Haynes, J. L. Demographic factors 5‘

|
“i
|
l

in the eduction of ;elétions in analogy word paifs. " Technical Report No. 3,

«

January, 1974, ﬁniversity of ‘Minnesota. Contract Number. N0OOO14-67-A-0113-

3

0030, Office of Naval Research.

-

Gentile, «R. g. Sociocultural level and knowledge of definitions.in the solution

of analogy ttems. Amerjcan Educational Research Jourmal, 1968, 5, 626-638.
Gentile, R.'J., Gentile, P. K., & Kessler, D. K. f;ocess of solving analogy

items. Journal of Educational Psychology, 1969, 60, 494-502.

Goldstein, G. Developmental studigs in analogical reasoning. Unpublished

Iy

doctoral dissertation. University of Kansas, 1962.

Guilford, J. P. The nature of human intelligdnce. New York: McGraw-Hﬁ}“,l967.

Haynes, J. L., Dawis, R. V., Monsé6n, E. Q., ﬁopez, F. G., & Soriano, L. V.

Relation eduction index norms for 500 picture pairs and 10 relations: High

school sample. Technical Report No. 6, November, 1974, University of.Minne-'
sota. . Contract Number N00014-67-A-0113-0030.

Haynes, J. L., Dawis, R. V., Siojo, L. T., & Soriano, L..V. Demographic factors

in the identificatfon of pictures. Technical Report No. 2, November, 1973,
University of Minnesota. Conttact Number N00014-67-A40113-0030, Office of

Naval Research.

20




~17- ‘ ' °

Haynes, J. $(, Dawis, R. ¥ & Soriano, L. V. Demographic factors in the edgc-

’

tion of relations in analpgy picture pairs. Technical Report No. 7, January,

1975, University of Minnesota. Contract Number NOOO14-67-A-0113-0030,

Al
.

*Office of Naval Research.

- Monson, E. Q. & Dawis, R. V. The hierarchical ordering of g?eference|for

relations in solving verbal analogy items. Techfical Report™¥o. 8, February,

1975, Yniversity of Minnesota. Contract Number N00014-67-A-0113-0030,

7 VU .. ' . M 4
Office of Naval Research.

Oppenheimer, R. Analogy in science. American Psychologist, 1956, 11, 127-135.
. . .

Russeli, W. A. & Jenkins, J. J. 6 The complete Minnesota norms on responsés to

100 words for the Kent-Rosanoff wOrd‘ASSOciation Test. Technical-Repoft
Na. }l, August, 19;%, University of Minnesota. Contract N8 0N§-€6216,
N ] Offéée of Naval Researcﬁq .
Stheerer,-u,;ﬁéothman, E., &4Goldq;ein, K. A ;ase of "idiot savant":~ An
o , ‘
imes ” Monographs,
.+ 1945, 58%No. 4 (Whole No. 269).
. Soriano, L. V., Dawis, R. V., & Siojo, L. T. Relation eduction index norms for
;' 1,000 :Brd pairs and 8 relations; College sample. Technical Report No. 4,

February, 1974, University of Minnesota. Contract Number N00014-67-A-0113~

0030, Office of Naval Research.

N

’ ’uzpearman, C. The nature of intelligence and the principles of cognition.
London: Macmillan, 1927. o /ﬂ

Tinsley, H. E) A. & Dawis, R. V. The equivalence of semantic and figural test

'presentation of the same items. Tedhnical Reﬁbrt No. 3004, January, 1972,

bniversity of Minnesota. Contract Numper N00014-68-A~0141-0030, Office of

Naval Research.’ ' -

.
[

’ s
Tyler,-L. E. The psychology of human differences. New Yo:gk Appleton-Century-

Crofts, 1965. .

.

21 . 4:.*“

s




-18-

[y
.

-

Whitely, S. E. Types of relationships in reasoning by analogy. Unpublished

doctoral dlssertation, Univeﬁsity of Minnesota, 1973.

.

Wiley, D. E. Latent partition analysis. Psychometrika, 1967, 32, 183-193,
‘
‘ . -

- V
.

.

s
“ ;y

g4

L

S v&:" N
i

B

N}
bt

o

G bty
TR

V
s

4




